In this work, the effect of different ultra-low doses of X-ray on human erythrocytes was investigated. Also, the effect of ascorbic acid added to erythrocyte suspension before X-rays was studied. The mean X-ray exposure level was about 10 µGy/h. Samples of erythrocytes suspension with and without ascorbic acid was exposed to X-ray doses in the range from 2.5 to 20 µGy. The obtained results showed pronounced radio-hemolysis of erythrocytes at doses starting from nearly 7.5 µGy. The effect was enhanced, for low doses, when ascorbic acid of relatively high concentration was added to erythrocyte samples. The changes may be attributed to a dose-dependent damage by oxidative stress at the level of the whole cell and to the production of reactive oxygen species, which can cause this damage. It may be concluded that X-rays, even at low levels of exposure, can induce oxidizing effect on erythrocytes. Accordingly, such results should be taken into account for workers operating on X-rays equipments.
INTRODUCTION
Radiological examinations are frequently requested for various medical reasons. In spite of recent technological advances and other laboratory investigations, radiology remains a corner stone, and has maintained a time-honored position in the detection of pathology of the skeletal system as well as for detecting some disease processes in soft tissue. Some notable examples are the very common chest X-ray, which can be used to identify lung diseases such as pneumonia, lung cancer or pulmonary edema, and the abdominal X-ray, which can detect intestinal obstruction, free air (from visceral perforations) and free fluid (in ascites). X-rays may also be used to detect pathology such as gallstones, which are rarely radiopaque, or kidney stones, which are often; but not always; visible. Traditional plain X-rays are less useful in the imaging of soft tissues such as the brain or muscle [1, 2] .
X-rays are part of the electromagnetic spectrum (ionizing radiation). The higher the voltage of the generator the more penetrating will be the radiation [2] . Penetration of ionizing radiation can destroy living cells or make them dysfunction. The mechanism behind cell futility due to ionizing radiation is the production of chemically active free radicals generated from the decomposition of cellular water [3] , which damage the molecular structure, resulting in cell dysfunction (somatic effect) or mutations (genetic damage). Kayan et al. [1] , have investigated the effects of vitamins C and E administration on induced oxidative toxicity for the blood of smoking and non-smoking X-ray technicians.
Ionizing radiation generates the production of reactive oxygen species (ROS) such as superoxide, hydrogen peroxide and hydroxyl radical in a variety of cells. The hydroxyl radicals are the most reactive radiolytic species and are the predominant damaging species oxidatively modifying biological molecules [4] . ROS manifest high reactivity to cellular macromolecule components including DNA, lipids and proteins [5, 6] . They are also implicated in cellular radiation responses associated with signal transduction. Radiation affects genetic instability that leads to delayed biological effect such as gene mutation, chromosome aberration and cell death [7] [8] [9] .
In view of their clinical importance, ease of use and low cost, erythrocytes were used in this study to investigate membrane damage induced by ultra-low doses of X-rays, which may increase our knowledge about the possible mechanisms of radiohemolysis.
drawn from 10 healthy human volunteers, with an age range between 20 and 30 years without any known occupational exposure to chemical and/or ionizing radiation, and stored at 4˚C. Samples were exposed to X-rays and were used for experimentation in the same day. Erythrocytes were isolated by centrifugation for 15 min. at 1500 revolution/min, plasma and buffy coat were removed and erythrocytes were washed three times with isotonic saline (0.15 M NaCl) at room temperature. Washed erythrocytes were suspended in saline to obtain a hematocrit of about 1%.
Irradiation of Erythrocytes
Each erythrocyte suspension was placed in a pyrex glass cuvette at a distance of 2 cm from the window of the X-ray source to be irrdiated with a Teletron's TEL-X-Ometer (TEL-Atomic Inc., Jackson, Michigan, USA). The device operates at 30 KV and 80 μA, and the mean exposure level was about 10 µGy/h. The erythrocyte suspensions were exposed to different doses by increasing exposure time to emitted X-rays.
Radiohemolysis
After X-rays exposure, erythrocyte suspensions were shacked gently and the absorbance was recorded using a JENWAY visible range spectrophotometer Model 6300 at 577 nm and 630 nm (Keison Products, Grants Pass, Oregon, USA).
Conductivity Measurements
We measured the conductivity of erythrocyte suspendsions using a conductance bridge (Griffen and George Ltd., London, UK), where a glass tube that contains two platinum disc electrodes was filled with the erythrocyte suspension. Conductivity of erythrocyte suspensions without irradiation (σ˚) were carried out first, then it was measured for each irradiated sample of different doses (σ). The relative conductivity (σ/σ˚) for irradiated erythrocyte suspensions was then calculated.
Effect of Ascorbic Acid
Hemolysis of erythrocytes treated with ascorbic acid at a concentration of 5 mM were recorded using a JENWAY visible range spectrophotometer Model 6300 at 577 nm, where the decrease in intensity of the peak at 577 nm represents the degree of hemoglobin breakdown or the degree of hemolysis.
Effect of Ascorbic Acid on Pre-Irradiated Erythrocytes
Ascorbic acid at a concentration of 5 mM was added to pre-irradiated erythrocyte suspensions by a specific dose of X-rays, and the absorbance was recorded using a JENWAY visible range spectrophotometer Model 6300 at 577 nm.
Statistical Analysis
Results were represented as the mean ± SD of 8 -10 experiments and appropriate statistical analysis were carried out for different comparisons.
RESULTS AND DISCUSSION
Ionizing radiation induces oxidation process of biomolecules. The effects are dependent to a large degree on the dose of the oxidizing agent [10] . In the present work, exposure of human erythrocytes to increasing doses of X-rays gives the curve reported in Figure 1 . In this curve the process of hemoglobin oxidation begins with a nearly lag period of about 45 min. irradiation, which corresponds to an X-ray dose of approximately 7.5 µGy, then a dramatic dose-dependent decrease in absorbance appears reflecting a strong hemoglobin break down and consequently hemolytic effect. The last effect may be due to the production of ROS, which can cause this damage and also may be involved in peroxidation of membrane lipids [11] .
It is known that in normal states, erythrocytes spectrum doesn't show a peak at 630 nm and its appearance in spectrum can be considered as an indication of oxidative hemolysis of erythrocytes and the production of methemoglobin. According to the obtained results shown in Figure 2 , a dose dependent increase in absorbance at 630 nm was observed, indicating a conversion of hemoglobin into methemoglobin and that the conversion is dose-dependent relationship. The electric conductivity measurements shown in Figure 3 confirm these the last observations, which showed a dose-dependent decrease in relative conductivity that may be due to the transformation of hem Fe 2+ to Fe 3+ [12] . For exposure doses lower than 7.5 µGy, X-ray irradiation effects could be confirmed using another oxidative agent like ascorbic acid. Figure 4 shows the changes in absorbance for the erythrocyte suspensions with time at wavelength 577 nm for the sample treated by 5 mM ascorbic acid only and for samples pre-irradiated by Xrays of low doses in the range form 1.7 µGy to 6.7 µGy, before affecting by 5 mM ascorbic acid. Ascorbic acid is considered to be an oxidative agent at high concentrations, which cause oxidative hemolysis due to its interaction with erythrocytes causing lipid peroxidation of their membranes, the formation of spectrin-hemoglobin complex in the inner surface of their membranes and the oxidation of hemoglobin to methemoglobin. This process leads to hemolysis of erythrocytes [13] . It is clear from Figure 4 that the exposure of erythrocyte suspensions to X-rays accelerated the process of oxidation produced by ascorbic acid when used alone, also that the process is dose dependent.
From the last Figure 4 , there is a time interval during which the variations in absorbance with time is nearly linear, the slope of this interval gives the hemolysis rate (H.R); the rate at which the number of cells in the suspension decreases. The intersection of the slope line with time axis gives the hemolysis time (H.T); the time at which there is no cells in the suspension [14] . Figure 5 shows the variation of HR with different doses of X-rays. From this figure it is clear that the hemolysis rate increases by increasing the dose. Figure 6 shows that the HT is a dose-dependent at which the hemolysis time decreases by increasing dose. That is, results of HR and 
